Dr. Jekyll and Mr. Hyde is a novel acutely concerned with the transformation of physical forms, the scarcity of resources, and the directionality of the universe. Jekyll's is, at heart, an experiment in human engineering, one that unlocks Hyde's "energy of life" (JH, 100); the novel's opening, describing the misdeeds of Utterson's associates as the "high pressure of spirits" (JH, 1), prepares us for a work that will draw upon the principles of engineering to direct not only the course of the physical metamorphosis but also the shape of the narrative. The irreversibility of physical transformations represents one of the most critical points of disjunction between "classical" and modern science, and it informs Stevenson's modern rewriting of Ovidean metamorphic tropes and structures of allegorical representation. 13 The success of Jekyll's project depends entirely on its complete reversibility;
Jekyll can indulge himself in Hyde, but Hyde must also be able to become Jekyll in order to realize the dream of the full "separation of these elements" (JH, 80). The plan seems to work at first, and Jekyll describes his initial mastery of the change:
Let me but escape into my laboratory door, give me but a second or two to mix and swallow the draught that I had always standing ready; and whatever he had done, Edward Hyde would pass away like the stain of breath upon a mirror; and there in his stead, quietly at home, trimming the midnight lamp in his study, a man who could afford to laugh at suspicion, would be Henry Jekyll. (JH, 86) Such a system of total reversibility, imperfectly carried out though it may be, represents a departure from conventions of metamorphic writing. As Marina Warner argues, transformation in Ovid and in other mythic literature is usually a singular event, signifying a being's attainment of appropriate and eternal form. The ability to transform oneself repeatedly and at will is a power reserved for the gods.'"Jekyll's "trimming the midnight lamp" after his return from one of Hyde's adventures is a minor detail, but one that nicely suggests his confidence in the easy manipulability of energy forms. Dr. Jekyll and Mr. Hyde is metamorphosis updated for the industrial age, for a world in which great transformative capacity was at the command of engineers, industrialists, and, increasingly, ordinary people. The agencies of heat, electricity, magnetism, chemical reaction, human and animal labor were all understood as expressions of the invariant known as energy and could thus be managed, quantified, converted one into another and back again. In The Unseen Universe, Tait   Irreversible Transformations  3 passing from higher to lower forms, and therefore the possibility of transformation is becoming smaller and smaller" (Lectures, 20-21). The moral valence of words like "higher" and "lower" will be discussed shortly, but for now, it is essential to see that Jekyll has discovered for himself what Thomson, Tait, and other thermodynamic scientists had taken such pains to explain: the energy of a closed system undergoing transformations simply cannot be restored without an input of external energy. The "perfect thermo-dynamic engine," one that could be run backwards to restore itself to its initial state cannot be built; additional labor or a natural resource like coal or zinc must be added to effect a full reversal. And that additional input always represents more energy than the work done. So while an engine can work to "produce" motive power, it can only do so at the cost of further deranging the energy of the surrounding world. The relationship between Jekyll's metamorphosis and the principles of thermodynamics is more than just a happy meeting between a trope of fantastic literature and energy science at the word "transformation." The novel differentiates the two men, at times explicitly, in terms of their energy. Jekyll describes Hyde's "energy of life" (JH, 100) and his "raging energies of life" (JH, 100), as well as his "spirits more tensely elastic" (JH, 96). Jekyll, on the other hand, becomes "languidly weak both in body and mind" (JH, 100) and "wanting in the strength to keep to it" (JH, 91); "it" being the path of self-restraint. That last comment is critical, because it suggests one way of thinking about the relationship between energy and identity in this novel. The social world in which Jekyll moves, and the integrated persona he has developed in order to navigate it successfully, requires an unceasing application of energy. Jekyll accounts for Hyde's younger and less developed appearance by arguing that while his has been "nine tenths a life of effort, virtue and control," Hyde "had been much less exercised and much less exhausted" (JH, 83). Just being Jekyll is tiring; indeed, even enjoyment in this world is imagined as a kind of energy drain. "The expense and strain of gaiety" (JH, 22), echoing "the high pressure of spirits" from the opening, describes the tense joviality of a gathering of the wellheeled."9 As his experiment progresses, Jekyll begins to revert spontaneously to Hyde, and "only by a great effort as of gymnastics, and only under the immediate stimulation of the drug" is he "able to wear the countenance of Jekyll" (JH, 99).
The recognition that human and animal life is subject to the laws of energy science stems from the powerful influence chemistry and physics had upon biology in the nineteenth century. Historian of science Everett Mendelsohn writes that the nineteenth century saw "the steady invasion of the fields of functional biology by men oriented, through training, to the sciences of the inorganic realm."20 Mediated through the metaphor of the steam engine, living systems could be understood as energy systems, as Tait argues: It was a grand step in science which showed that just as the consumption of fuel is necessary to the working of a steam-engine, or to the steady light of a candle, so the living engine requires food to supply its expenditure in the forms of muscular work and animal heat ... 21 Of course, what Stevenson makes clear is that many remained who would retain such a line; Jekyll himself deploys these terms in an attempt to wall himself off from his alter-ego: "He thought of Hyde, for all his energy of life, as of something not only hellish but inorganic" (JH, 100). As this sentence is rhetorically structured, "inorganic" provides the gravamen, trumping as seemingly terminal an epithet as "hellish" to suggest Jekyll's need to find grounds of distinction beyond the moral categories that have already failed to mark his separateness. The attempt to use "inorganic" as the final redoubt of differentiation signals that Jekyll To dream of perfect reversibility is to dream of a world in which events don't matter and marks on a reputation dissolve just like "the stain of breath upon a mirror" (JH, 86). Of course, events in the world do have real consequences, and Stevenson's emphasis on the physicality of the transformation ties the metamorphosis to a world in which energy is finite and acts cannot be undone. In fact, Jekyll's experiment in reversibility is not just about sidestepping the consequences for specific acts; it is also about reversing that other irreversible human problem, the aging 6 process. Stevenson's interest in this theme is understated, and as a result not much commented-upon, but it shows itself at keyjunctures in the novel. When Hyde visits Lanyon still wearing Jekyll's clothes, he cuts a ridiculous figure, the picture of a child playing in a father's wardrobe: "dressed in a fashion that would have made an ordinary person laughable; his clothes, that is to say, although they were of rich and sober fabric, were enormously too large for him in every measurement-the trousers hanging on his legs and rolled up to keep them from the ground, the waist of the coat below his haunches, and the collar sprawling wide upon his shoulders" (JH, 7 3). This is a comic introduction to the more serious theme developed in Jekyll's narrative, the fear of getting old."3 He says of his need to find an outlet for his pleasures: "I was not only well known and highly considered, but growing towards the elderly man" (JH, 85), echoing an earlier remark by Lanyon regarding his own old age ( The irreversible diminishment of resources, and the steam engine metaphor that focuses it, provides one set of terms through which to understand the imprint of thermodynamics on tropes of transformation in the novel. The second, related, set of terms is the gradual but inevitable transition from order, which requires energy for its maintenance, to disorder, the increase of which represents a loss of usable energy. As scientists like James Clerk Maxwell and Ludwig Boltzmann began to discuss the relationship between micro and macro states, between the motion of particles on the molecular level and the overall direction or organization of a system, the steam engine was supplemented with other heuristic devices for imagining the flow of energy and the problem of irreversibility. When discussing the behavior of gases, writers like Maxwell often posited two chambers, one hot, with fastmoving molecules, the other cold, with slow-moving ones. Such a set of circumstances is highly ordered, as it is extremely unlikely that all the molecules of one speed would randomly collect in one place. Maxwell and others are still, of course, discussing energy-heat, velocity, the difference between states that can be turned into work-but now explicitly couched in the language of organization, probability, and order. 30 This is crucial for Jekyll and Hyde, who are imagined not merely in terms of their respective expressions of energy, but also as separable identity compartments-indeed this is explicitly Jekyll's project, to effect a complete division of his "elements." With the discussion of separable chambers in physics experiments in mind, the description of unmodified human nature as an "incongruous compound" (JH, 85) takes on added significance. Thus it is not simply thatJekyll represents ordered energy and Hyde dissipation and increasing disorder-though that is suggested too-but the separation itself represents a particular vision of order that maintains a division between disparate states of existence. Peter Garrett describes the experiment as "a process of chemical purification," and here it may be helpful to follow Jekyll's lead and for the moment imagine the idea of "purity" simply as an ideal, unmixed concentration, that is, Hyde as "pure evil" (JH, 84). 31 In an 1870 address, James Clerk Maxwell explains the science behind separation on the molecular level with characteristic lucidity:
Irreversible
One of the most remarkable results of the progress of molecular science is the light it has thrown on the nature of irreversible processes-processes, that is, which always tend towards and never away from a certain limiting state. Thus, if two gases be put into the same vessel, they become mixed, and the mixture tends continually to become more uniform....
In the case of the two gases, a separation may be effected by chemical means.32
Although the strictness of the division between Jekyll and Hyde is certainly troubled from the very first transformation-there is, for instance, immediate confusion over pronoun attribution-the breakdown, the growing uniformity of their states, is also progressive: "When I slept, or when the virtue of the medicine wore off, I would leap almost without transition (for the pangs of dissolution grew daily less marked) into the possession of a fancy brimming with images of terror" (JH, 100). The reason for the growing ease of transition is that the Jekyll and Hyde identities, united by the fear of death, grow toward each other and seep through whatever barriers-physiological, linguistic, social, moral-that would keep them separate. Jekyll develops "a certain callousness of soul" (JH, 101) and becomes an accessory to murder, while Hyde, exposed and hunted, learns how to navigate the conventions and institutions of the social world: "Yet the creature was astute; mastered his fury with a great effort of the will; composed his two important letters, one to Lanyon and one to Poole; and that he might receive actual evidence of their being posted, sent them out with directions that they should be registered" (JH, 98). Thus while of course we never believe any "purity" of state was attained even briefly, whatever differences of concentration obtain between the two men clearly grow less stark as the novel progresses. The process is one of gradual intermingling, but not in the direction of cohesion. Rather, the amalgamation of Jekyll In its perfectly honed and gemlike sentences, in the almost clinical precision with which the plot orders its interlocking voices, Stevenson's novel is a work of marvelous engineering, of masterfully directed literary energy.36 The craftsmanship is evident in the care he takes with the textured details of his world; for example, in the pause he inserts between Utterson's request to Hyde to show his face and the latter's accession to it: "Mr. Hyde appeared to hesitate, and then, as if upon some sudden reflection, fronted about with an air of defiance" (JH, 16). It is a tiny moment, but in it we see Stevenson's minute attention to psychological detail in the characters' interaction with their own physical beings. Confronted by someone who knows Jekyll's appearance so intimately, the fear of detection momentarily seizes Hyde; with characteristic hubris, he then declares his absolute belief in the efficacy of his experiment by throwing his transfigured face directly under the gaze of an old friend. The physical world exerts a real pressure in this novel, and if the fantastic change manages a small triumph over it in this early scene, the terms of the struggle are nevertheless set. For Stevenson, the more fantastic the story, the stronger the imperative to retain a sense of fidelity to the contours and strictures of powers of the will may have been at work in shaping the weird worlds into which his heroes wander. There is only one way to distort dull reality, and that is by faking."37 Jekyll isn't faking the transformation, of course, but over the course of the novel, "dull reality" reasserts its inviolability and refuses to be sidestepped or altered by his obscure powers. At the outset of his experiment, Jekyll believes, "the situation was apart from ordinary laws" (JH, 87), but physical law cannot be evaded by even the most ingenious engineering or fantasy; his attempt to do so brings it back upon him with a "more unfamiliar and more awful pressure" (JH, 81).38
Thus It is precisely because of this essentially abstract moral discourse and the omission of specific facts about both transgressive and virtuous behavior that we can see how the physical-scientific and moral forms of transformation are essentially coextensive in this novel, and why it is important that they are so. The kind of rhetoric quoted here, found throughout the novel, structures its moral world in terms of a play of forces rather than in terms of the texture of observable and therefore appraisable action. What is emphasized is the power of certain states of mind rather than the moral details of their contents. 40 If, as almost all critics have noted, the novel upsets any simple allegorical attempts to index moral nature to the appearance of a body or a face, it nevertheless does insist upon a relationship between inner and outer states. This insistence is perhaps nowhere more clearly seen than when Jekyll, sunning himself on a park bench, indulges in a reverie of self-congratulation and then immediately finds himself changed into Hyde. Here, a direct avenue of influence between the moral life and a physical expression is evident. At other moments, the physical world retains a life of its own, a pressure and a reality not immediately traceable to any particular moral trigger. When Jekyll begins to change into Hyde whenever he falls asleep, for instance, there is no specific act or thought that catalyzes the transformation. But if the moral and the physical worlds are at times immediately linked, and at other times only distantly so, in all instances they track each other in general direction: the more irreversible the transgressive acts that mar their collective conscience (from physical assault to murder), the greater the moral confusion and the greater the physical instability. The way in which the moral life, however vaguely or provisionally defined in the characters' own minds, undergoes a process of irreversible change and expresses itself in physical terms suggests that the material world of the novel is not just animated according to a system of moral reference, as in traditional allegory, but by the principles of energy as well. The energy forms underwrite moral allegory by mapping the deterioration of physical states to deterioration of moral being, where the natural tendency is always toward "lower," "dissipated," or "degraded" forms; but the discourse of energy also subverts allegory insofar as it always describes a continuum, one in which the singularity of states and the stark dividing lines that maintain them-good/evil, high/low, organic/inorganic--are broken down in a universe tending toward both homogenization and dispersal.
That moral transformation is structured in rough accord with the laws of energy physics does not make Stevenson a thoroughgoing psychic materialist. The point is not that a person's moral nature is nothing more than an energy system that inevitably and invariably degenerates over time; rather, it is that maintaining Irreversible Transformations 13 any sense of a moral self requires constant effort, and when the effort ceases, the moral self does not hold together naturally. We can easily imagine the moral world of the novel structured quite differently: the transformation into both states could have become easier over time. In that case, the novel would have suggested how easily a person can reconcile himself to a two-faced existence. By structuring the moral life in terms of a one-way energy system, Stevenson insists upon how palpable and undeniably real are its exigencies and requirements. The imaginative way in which these domains are interbraided in the person of Dr. Jekyll and Mr. Hyde may bear the imprint of Stevenson's peculiar genius, but the relationship between morality and energy science has an extensive history in scientific and popular writing. Stevenson could structure the moral world of his novel according to physical laws because those physical laws had already been thoroughly moralized. Most of the key terms used in thermodynamic science carry with them moral implications: the inflection of words like "higher" and "lower" as descriptors of energy in Tait's lectures is subtle, while terms like "squandered" or "wasted" are more overt, and "dissipated" or "degraded" unavoidably loaded. The fact that there were also neutral descriptions in circulation-"unavailable" or "unusable" energy as a working definition of entropy, for example-means that the popularity of a word like "dissipated" even more clearly highlights not simply the presence of moral valences but also the desire for them to be embedded in scientific discourse. As intellectual historians have shown, energy science, free-market economics, and religion are discourses involved in a complex interchange of values, metaphors, and assumptions: for example, all three treat as axiomatic the evil of waste, as in "the finger of the sloven" that Stevenson's grandfather sees at work in the loss of form, time, and money alike. Similarly, accounting metaphors were used to describe capital, energetic, and moral transactions, as ledgers mundane and transcendent could make sense of a welter of chaotic events by organizing them into columns of energy and entropy, profit and loss, good and evil: as in, "Hyde is gone to his account" (JH, 62)."' The moralizing of energy is thus not confined to phenomena like dissipation, but includes conservation and notions of universal record keeping. For example, John Ruskin discusses the conservation of value and energy interchangeably and in explicitly moral terms in Munera Pulveris: "The world looks to them as if they could cozen it out of some ways and means of life. But they cannot cozen IT: they can only cozen their neighbours. The world is not to be cheated of a grain; not so much of a breath of its air can be drawn surreptitiously. For every piece of wise work done, so much life is granted; for every piece of foolish work, nothing; for every piece of wicked work, so much death is allotted."42 In the human realm, one can profit through fraud, but the physical universe is exacting: the laws that proscribe creation and annihilation of matter and energy ensure that even the smallest transaction is being "watched" and accounted for. Energy conservation, in this sense, becomes a surrogate for the divine.
Therefore, while the second law of thermodynamics describes the increase of 14 disorder, the futility of effort, the drag of imperfection stitched into all natural processes, and thus appears, to present-day minds especially, to suggest a purposeless cosmos, it was not necessarily viewed that way by nineteenth-century scientists. Entropy is an almost religious concept, not merely because it owes a good part of its genesis to the Scottish Presbyterian imagination, but because it implies a final record and therefore a final record-keeper. "Unavailable energy" means energy unavailable to humans; it does not mean altogether removed from the universe. Entropy is energy in a limbo state, but because energy is really only the contextspecific ability to perform work, entropy not only reifies but also transcendentalizes it. To many thermodynamic scientists, especially Tait 
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